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Abstract - The objective of this study was to estimate the moisture diffusivity of different sizes of white yam slices at different temperatures 
using a Refractance Window
TM
 dryer. To achieve this objective, dehydration of 1.5, 3.0 and 4.5 mm thick yam slices was performed with 
water temperatures of 65, 75, 85 and 95 
o
C in the flume of a Refractance Window
TM
 dryer. Variation of moisture content with dehydration 
time data were obtained during the dehydration operations. The activation energies of dehydration for different sizes of yam slices were 
estimated for the temperatures considered. For the process conditions studied, the effective moisture diffusivities varied from 5.35 x 10
-08
 to 
1.45 x 10
-07
 m
2
/s. The effective moisture diffusivity, Deff, at a specified temperature was observed to increase with increasing yam slice size. 
The effective moisture diffusivity, Deff, at a specified yam slice size is observed to increase with increasing dehydrating temperature. The 
activation energy, Ea, for the yam slices, ranged from 23.21 to 28.30 (kJ/mol) and it was observed to increase with increasing thickness of 
the yam slices. The activation energy values estimated were within the range observed for other equipment. This study is important in that, 
the moisture diffusivities and activation energy parameters estimated will be useful in the design, modelling, and optimization of such 
dryers. 
 
Keywords: Yams, Moisture Diffusivity, Activation Energy, Refractance Window
TM
, Dryer 
——————————      —————————— 
1 INTRODUCTION 
am tubers are from the plant species whose genus is 
Dioscorea (family Dioscoreaceae); they are large tubers 
and are starchy staple foods, grown twice a year in 
tropical regions. White yams (Dioscorea rotundata), 
however, are the most popular species especially in the 
dominant yam production zones in Africa; they are 
indigenous to West Africa, as is the yellow yam, 
Dioscorea cayenensis (IITA, 2009; Nweke et al., 2013). Raw 
yam (100g) contains 69.60 g of water, 27.88 g 
carbohydrates, 1.53 g protein, 17 mg ascorbic acid, 816 
mg potassium and 118 kcal of energy, but yams are low 
in lipids (USDA, 2017). Although yams are available all 
year round, they need to be dried; this is to reduce bulk 
and provide a means for easy transportation to the 
regions where they are consumed. The design of dryers 
is therefore very important in the postharvest processing 
of yams. 
In designing dryers, it is important to know 
characteristics such as moisture diffusivity, and 
activation energy of the product to perform design 
calculations and model of dryers. Moisture diffusivities 
and activation energies are used extensively in the food 
and agricultural industries; they are the indicators used 
for moisture movement within foodstuff. However, 
reliable literature data on moisture diffusivity are scarce 
for some reasons. The diverse methods of obtaining 
experimental data and the different methods of 
analyzing moisture diffusivity make the values obtained 
unreliable (Janz, 1997). There are also variations in the 
composition and structure of the foodstuff whose 
moisture diffusivity is required (Panagiotou et al., 2004). 
Presented in this report, is the estimation of the moisture 
diffusivity and activation energy of yam slices; the study 
of the drying kinetics of yam in a Refractance WindowTM 
dryer is used to facilitate the estimation of these 
parameters.  
* Corresponding Author 
The Refractance WindowTM (RW) drying technology is a 
novel technique that was patented by Magoon (1986) 
and later fully developed by MCD Technology Inc., 
Tacoma, WA, USA. The Refractance WindowTM drying 
technique is considered novel as it employs the three 
mode of heat transfer (convection, conduction and 
radiation) to dehydrate (Moses et al., 2014); The 
technique had been used to dehydrate liquid foods and 
other related biomaterials into powders, flakes, or sheets 
(Nindo and Tang, 2007; Nindo et al., 2003); the method 
has also been used to reduce the water content in food 
and agro products (Abonyi et al., 2002; Jafari et al., 2016; 
Akinola et al., 2018) 
The RW Drying technique is emerging as a promising 
low-cost dehydration method. Jafari et al., (2016) 
compared the quality characteristics of oven-dried and 
Refractance Window-Dried Kiwifruits. The required 
time to reach the final moisture content was 
considerably lower in the RW method compared with 
oven drying. Akinola et al. (2018) study showed that that 
3 mm ginger slices could be dehydrated to about 10% 
moisture content using the RW drying technology 
within 200 minutes. Sapota bars were prepared using 
Refractance WindowTM drying method (Jalgaonkar et al., 
2018). The study demonstrated that the RW drying could 
be applied effectively for preparation of quality sapota 
bar in lesser duration than the conventional tray drying 
method. This study’s’ objective was to estimate the 
moisture diffusivities and activation energy values of 
yam slices, which are used extensively in the food and 
agricultural industries in the calculations for the design 
of dryers. 
 
2 METHODS AND MATERIALS  
2.1 DRYING APPARATUS 
A fabricated laboratory scale Refractance WindowTM 
dryer was used in this study. Fig. 1 presents a schematic 
diagram of the drying apparatus. The drying apparatus 
consists of a water tub 1.0 meter in length, 0.5 meters 
Y 
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wide and a height of 75 mm. The water was covered 
with a 0.15 mm thick transparent polyethylene 
terephthalate (PET) Mylar plastic film, and a Chromalox 
2.5 kW Type TM- Series Industrial Flanged Immersion 
heater (Chromalox, 2010) was used to heat the water in 
the apparatus. The lower surface of the film was always 
in contact with the water, and metal brackets secured the 
film in place.  
During operation, an extractor fan through a hood above 
the dryer removed the moist air; this was to ensure that 
the moist air does not inhibit the drying process. The 
temperature of the water in the dryer was determined 
with the use of the Digi-Sense® Type K thermocouple 
thermometer (Oakton Instruments, 2014).  The 
temperature of the water was maintained using a 
BAYITE BTC211 Digital Temperature Controller 
(Shenzhen Bayite Technology, 2018). 
 
2.2 SAMPLE PREPARATION AND EXPERIMENTAL 
PROCEDURE 
White yams (also known as Dioscorea rotundata) were 
purchased from a commercial establishment in the city 
of Lagos, Nigeria. The yams shaped as elongated 
cylinders but tapered at the ends have lengths between 
45 cm to 60 cm and maximum diameters between 11.3m 
and 16.4 cm. The yams were washed, peeled, and cut 
into slices using a Mandolin Slicer. The initial moisture 
content of yam slices was determined to be 1.94 g-
water/g-solid, 65.98% wet basis, using an MB45 Halogen 
OHAUS moisture analyser (OHAUS Corporation, 2011). 
Performed were 12 sets of experiments with yam slices 
1.5, 3.0 and 4.5 mm thick and water temperatures of 65 
oC, 75 oC, 85 oC and 95 oC in the Refractance WindowTM 
dryer. The yam slices were further cut into square of 
dimensions 2.5 cm. The yam slices were placed on the 
transparent PET plastic on the dryer, and at pre-
determined time intervals, some slices were removed 
and their moisture content determined. For each 
temperature and each drying period, the experiments 
were performed in triplicates 
 
2.3 DETERMINING THE MOISTURE RATIO  
The moisture ratio after any specified drying period was 
determined using Equation 1. 
            (1) 
where  
MCt is the moisture content of the sample after 
drying for time t and  
MCi is the initial moisture content of the fresh 
sample, all in the unit of grams of water 
removed/grams of solids. 
 
2.4 DETERMINING THE EFFECTIVE MOISTURE DIFFUSIVITY 
AND THE ACTIVATION ENERGY 
The relationship between moisture ratio (MR) and 
effective moisture diffusivity, (Deff), as presented in 
equation 2 is used to estimate the moisture diffusivity. 
Equation 1 is Fick’s law second equation of diffusion as 
proposed by Crank (1975). 
 
Fig. 1: A Schematic Diagram of a Refractance Window Dryer 
 
 
However, Equation 2 is based on assumptions discussed 
in detail by Sharma et al. (2005), Jena and Das, (2007), 
and Taheri-Garavand et al. (2011). The assumptions are 
that the moisture content is initially uniformly 
distributed throughout the mass of a sample, 
equilibrium conditions exist between the surface 
moisture and the surrounding air, mass transfer 
resistance at the surface is insignificant compared to 
internal resistance of the sample, and the diffusion 
coefficient is constant. 
A simple linear regression analysis between –ln(MR) and 
drying time gives a slope of kd from which Deff can be 
obtained according to Equation 3. 
22 4LDk effd   (3) 
The Arrhenius type equation in equation 4 is used to 
estimate the activation energy (Lopez et al., 2000; 
Akpinar et al., 2003): 
        
 
   
  
  (4) 
where 
Ea is the energy of activation (J/mol),  
R is universal gas constant (8.314 J/mol),  
T is absolute air temperature (K), and  
Deff (m2s-1) is the effective moisture diffusivity, and 
D0 is the pre-exponential factor of the Arrhenius 
equation (m2/s).  
The activation energy can be determined by performing 
a simple linear regression analysis between, -ln(Deff) and 
1/T. The slope of kr of the regression analysis enables Ea 
to be estimated according to the Equation 5 
   
  
 
 (5) 
 
3 RESULTS AND DISCUSSIONS 
3.1 EXPERIMENTAL ENVIRONMENT 
The surface of the dryer was exposed to ambient air 
during the drying experiments. Over the several days in 
which the experiments were performed the temperature 
in the laboratory ranged from 28 to 31oC and the 
humidity varied between 55 - 65%. 
 
          
 
  
   
       
   
 (2) 
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3.2 MOISTURE CONTENT VS. DRYING TIME RELATIONSHIP 
The variation of moisture content and dehydration time 
at different temperatures for different yam slice 
thickness is presented graphical in Figs. 2 to 5. The initial 
moisture content of the yam slices was determined to be 
1.94 g-water/g-solid using an MB45 Halogen OHAUS 
Moisture analyser (OHAUS Corporation, 2011). As the 
literature suggests, Figs 2 - 5 show that the moisture 
contents/drying time relationships follows an 
exponential delay (Kemp et al., 2001; Akinola et al, 2018; 
do Nascimento et al., 2018).  Also, from the drying 
curves presented in Figures 2 to 5, the drying times 
required to dehydrate the yam slices to 0.11 g-water/g-
solid increased with increasing yam slice thickness for a 
specified temperature. Also, as the drying temperature 
increased, the drying times decreased for a specified 
yam slice size. This is presented graphically in Figure 6.  
Quantitative values of the drying times for different yam 
slice sizes at different temperatures are presented in 
Table 1. 
 
Fig. 2: Experimental Drying curves for different yam 
slices at 65°C 
 
 
Fig. 3: Experimental Drying curves for different yam slices 
at 75°C 
 
 
 
 
 
3.3 ESTIMATING THE EFFECTIVE MOISTURE DIFFUSIVITY 
The effective moisture diffusivity, Deff, was estimated 
using equation 2. The moisture content of the 
dehydrated yam slices was converted to moisture ratio 
(MR) using equation 1. By performing a simple linear 
regression between –ln(MR) and the drying time for the 
process condition considered, the slope, kd, is obtained, 
and the effective moisture diffusivity, Deff, is estimated 
using equation 3. The linear relationship between MR, 
and drying time, t, is presented in Table 2.  
 
Fig. 4: Experimental Drying curves for different yam slices 
at 85°C 
 
 
Fig. 5: Experimental Drying curves for different yam 
slices at 95°C 
Table 2 also presents the correlation coefficients, R2, 
obtained by performing simple linear regression, so is 
the effective moisture diffusivity, Deff, at a given 
temperature. Table 2 shows that at a specified 
temperature, the values of Deff, increase with increase in 
slice size.  This is consistent with work reported in the 
literature (Sanful et al., 2015). 
 
Fig. 6: Effect of temperature and slice thickness on drying time of 
yam slices. 
 
0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
0 60 120 180 240 300 360 
M
o
is
tu
re
 C
o
n
te
n
t 
(g
-w
a
te
r
/g
-
so
li
d
) 
Drying Time (min) 
Experimental 1.5mm 
Experimental 3.0mm 
Experimental 4.5mm 
0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
0 50 100 150 200 250 
M
o
is
tu
re
 C
o
n
te
n
t 
(g
-w
a
te
r
/g
-
so
li
d
) 
Drying Time (min) 
Experimental 1.5mm 
Experimental 3.0mm 
Experimental 4.5mm 
0.0 
0.5 
1.0 
1.5 
2.0 
0 55 110 165 220 
M
o
is
tu
re
 C
o
n
te
n
t 
(g
-
w
a
te
r
/g
-s
o
li
d
) 
Drying Time (min) 
Experimental 1.5mm 
Experimental 3.0mm 
Experimental 4.5mm 
0.0 
0.5 
1.0 
1.5 
2.0 
0 45 90 135 180 
M
o
is
tu
re
 C
o
n
te
n
t 
(g
-
w
a
te
r
/g
-s
o
li
d
) 
Drying Time (min) 
Experimental 1.5mm 
Experimental 3.0mm 
Experimental 4.5mm 
FUOYE Journal of Engineering and Technology, Volume 4, Issue 1, March 2019        ISSN: 2579-0625 (Online), 2579-0617 (Paper) 
 
FUOYEJET © 2019                    105 
engineering.fuoye.edu.ng/journal 
Table 3 presents the effect of temperature on the effective 
moisture diffusivity, Deff, at a given slice size. The Table 
shows that at a specified slice size, the value Deff, 
increased with increase in drying temperature. Again, 
this is consistent with work reported in the literature 
(Sanful et al., 2015). 
 
For the process conditions considered, effective Moisture 
Diffusivity varied from  5.35 x 10-08 to 1.45 x 10-07 m2/s. 
The effective moisture diffusivities values obtained in 
this study are higher than the general value in the range 
of 7.30 x 10-10 to 1.81 x 10-09 m2/s obtained for yam as 
reviewed by Panagiotou et al. (2004). The implication is 
that moisture movement through the inner structure of 
yam slices is higher when dried using a Refractance 
WindowTM Dryer. This is because the RW drying 
techniques employs the employs the convective, 
conductive and radiation methods of heat transfer to 
dehydrate the slices (Moses et al., 2014). 
 
 
 
3.4 ESTIMATING THE ACTIVATION ENERGY  
For the process conditions, the activation energy Ea for a 
specific yam slice thickness was estimated by 
performing a simple linear regression analysis using the 
natural log of effective moisture diffusivity, ln(MR) and 
the inverse of the drying temperature (1/T) values, 
according to Equation 4. From the slope, kr, of the linear 
relationship, the activation energy, Ea, was obtained. The 
activation energy for the 1.5, 3.0 and 4.5mm thick yam 
slices was estimated to be 23.21 kJ/mol, 26.09 kJ/mol, and 
28.30 kJ/mol, respectively.  
 
 
 
 
 
 
 
 
 Table 1. Drying Times for Different Yam Slice Sizes at Different Temperatures 
 Temperature 
Size 65oC 75oC 85oC 95oC 
1.5 mm 60 minutes 50 minutes 35 minutes 25 minutes 
3.0 mm 20 0minutes 130 minutes 90 minutes 55 minutes 
4.5 mm 320 minutes 240 minutes 180 minutes 160 minutes 
 
Table 2. Effect of Slice Size on the Effective Moisture Diffusivity at a Specified Temperature. 
Drying Temperature Slice Size Relationship R2 Deff (m2/s) 
65oC 
1.5 mm -ln(MR65) = 0.0587t + 0.0959 0.9860 5.35 x 10-08 
3.0 mm -ln(MR65) = 0.0176t + 0.0667 0.9681 6.42 x 10-08 
4.5 mm -ln(MR65) = 0.0097t + 0.2276 0.9873 7.96 x 10-08 
75oC 1.5 mm -ln(MR75) = 0.0604t + 0.4830 0.9543 5.51 x 10-08 
3.0 mm -ln(MR75) = 0.0265t + 0.0254 0.9840 9.66 x 10-08 
4.5 mm -ln(MR75) = 0.0131t + 0.2584 0.9831 1.07 x 10-07 
85oC 1.5 mm -ln(MR85) = 0.0882t + 0.4570 0.9453 8.04 x 10-08 
3.0 mm -ln(MR85) = 0.0328t + 0.3271 0.9618 1.20 x 10-07 
4.5 mm -ln(MR85) = 0.0177t - 0.0295 0.9956 1.45 x 10-07 
95oC 1.5 mm -ln(MR95) = 0.1097t + 0.4635 0.8963 1.00 x 10-07 
3.0 mm -ln(MR95) = 0.0378t - 0.0283 0.9848 1.38 x 10-07 
4.5 mm -ln(MR95) = 0.0218t + 0.0240 0.9810 1.79 x 10-07 
where, MR65, MR75, MR85, and MR95 are Moisture Ratios at of 65 oC, 75 oC, 85 oC and 95 oC respectively and t is the 
dehydration time in minutes 
 
Table 3 Effect of Temperature on the Effective Moisture Diffusivity at a Specified Yam Slice Size 
Slice Size Drying Temperature Relationship R2 Deff (m2/s) 
1.5 mm 
65oC -ln(MR65) = 0.0587t + 0.0959 0.9860 5.35 x 10-08 
75oC -ln(MR75) = 0.0604t + 0.4830 0.9543 5.51 x 10-08 
85oC -ln(MR85) = 0.0882t + 0.4570 0.9453 8.04 x 10-08 
95oC -ln(MR95) = 0.1097t + 0.4635 0.8963 1.00 x 10-07 
3.0 mm 
65oC -ln(MR65) = 0.0176t+ 0.0667 0.9681 6.42 x 10-08 
75oC -ln(MR75) = 0.0265t + 0.0254 0.9840 9.66 x 10-08 
85oC -ln(MR85) = 0.0328t + 0.3271 0.9618 1.20 x 10-07 
95oC -ln(MR95) = 0.0378t - 0.0283 0.9848 1.38 x 10-07 
4.5 mm 
65oC -ln(MR65) = 0.0097t + 0.2276 0.9873 7.96 x 10-08 
75oC -ln(MR75) = 0.0131t + 0.2584 0.9831 1.07 x 10-07 
85oC -ln(MR85) = 0.0177t - 0.0295 0.9956 1.45 x 10-07 
95oC 
 
-ln(MR95) = 0.0218t + 0.0240 0.9810 1.79 x 10-07 
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4 CONCLUSION 
Moisture diffusivities and Activation energies of yam 
slices, essential parameters for the design and operation 
of dryers in the food industry were estimated in this 
study. The investigation established that the Moisture 
diffusivities increased and the dehydration temperature 
increase and the and the slice size increased. This was 
consistent with literature.  
 
The activation energies of the yam slices for the process 
conditions investigated varied from 23.21 kJ/mol to 28.30 
kJ/mol. This within ranges of activation energies 
observed for tubers, fruits and vegetables. This work 
presents data that will be useful for designing, 
modelling and operating of dryers.  
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